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in diameter as these are, but weighing tons. Kelvin, with
his short needles on a light card, made it possible to carry
out the process, and so gave the world for the first time
a compass that would point truly to the magnetic north,
notwithstanding all the perturbations due to permanent
and induced magnetism in the iron of the ship.

One more of the disturbing causes remains to be men-
tioned. The vertical component of the earth's field
induces magnetism as well as the horizontal component,
and gives rise to an additional error of two kinds, namely,
a further semicircular error and a further heeling error.
These are distinct from the semicircular error and heeling
error due to permanent magnetism, and the right way to
correct them is to fix a bar of soft iron in a vertical posi-
tion x near the binnacle, so that the magnetism induced
in it will act as a counterbalance. This is the Flinders
bar, so called because its use was pointed out by Captain
Flinders as early as 1801. It has generally to be fixed in
front of the binnacle, and in Kelvin's compass it is made
in several separate lengths of soft iron, which can be put
together to make up a bar giving any necessary amount
of correcting effect.

The main function of the Flinders bar is to correct the
semicircular error due to induced vertical magnetism. So
far as the heeling error is concerned it also helps, but in
practice it is found convenient to correct a part of the
heeling error due to induced magnetism by means of the
same kind of permanent magnet correctors as I have
already described in speaking of the heeling error due to
permanent magnetism, namely, vertical magnet bars
placed in a can in the binnacle directly under the centre
of the compass card. The number or height of these
bars has therefore to be altered from time to time, as

1 That is to say, vertical when the ship is on even keel, or per-
pendicular to the deck.